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ABSTRACT 


Peripartum cardiomyopathy (PPCM) is a rare but life-threatening condition defined by left 


ventricular dysfunction and heart failure (HF), occurring in late pregnancy or, more 
commonly, the early postpartum period. In African American women, women with pre- 
eclampsia, advanced maternal age, and numerous gestation pregnancies, there is a greater 
incidence. Although the pathophysiology of PPCM is still undetermined, the importance of 
vasculo-hormonal pathways has been suggested in research over the past decades. 
Sarcomere genetic polymorphisms are found in at least some women with the disorder. More 
than 50% of the patients recover systolic function, albeit some are left with chronic 
cardiomyopathy, and a small minority of patients requires mechanical support or cardiac 
transplantation, or both. For the diagnosis of PPCM, electrocardiographic findings of 
decreased myocardial function are essential. Currently, the management of PPCM is limited 
to standard treatments for HF with reduced ejection fraction, with attention to minimizing 
the potential adverse effects on the fetus in women who are still pregnant. As a result, the 
outcome might range from full recovery to persistent HF, arrhythmia, thromboembolic 
events, or death. Research on PPCM is examined in this review, as are potential future paths 
for further study. 
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RESUMEN 


La miocardiopatia periparto (PPCM) es una afecci6n rara pero potencialmente mortal que se 


define por disfunci6n ventricular izquierda e insuficiencia cardiaca (IC), que ocurre al final 
del embarazo 0, mas comunmente, al comienzo del periodo posparto. En mujeres 
afroamericanas, mujeres con preeclampsia, edad materna avanzada y gestaciones 
numerosas, existe una mayor incidencia. Aunque la fisiopatologia de la PPCM atin no se ha 
determinado, la importancia de las vias vasculohormonales se ha sugerido en la investigacion 
durante las ultimas décadas. Los polimorfismos genéticos del sarcOmero se encuentran en 
algunas mujeres afectas con el trastorno. Mas del 50% de los pacientes recuperan la funci6n 
sistolica, aunque algunos quedan con miocardiopatia crénica y, una pequefa minoria de 
pacientes, requiere soporte mecanico, trasplante cardiaco, o ambos. Para el diagnostico de 
PPCM, los hallazgos electrocardiograficos de funci6n miocardica disminuida son esenciales. 
Actualmente, el manejo de la PPCM se limita a los tratamientos estandar para la IC con 
fraccion de eyeccion reducida, con atencién a minimizar los posibles efectos adversos sobre 
el feto en mujeres que alin estan embarazadas. Como resultado, el resultado puede variar 
desde una recuperacion total hasta insuficiencia cardiaca persistente, arritmia, eventos 
tromboembdlicos 0 muerte. En esta revisi6n se examina la investigacién sobre la PPCM, asi 
como las posibles vias futuras para estudios adicionales. 


© 2022 Los Autores. Publicado por Iberoamerican Journal of Medicine. Este es un articulo en acceso 
abierto bajo licencia CC BY (http://creativecommons. org/licenses/by/4.0/). 
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1. INTRODUCTION 


Peripartum cardiomyopathy (PPCM) is a rare, idiopathic, 
and often dilated cardiomyopathy (DCM) with a 
conspicuous systolic dysfunction that affects childbearing 
women during pregnancy or in the early postpartum period. 
Sometimes, there is a delay in diagnosis that may occur 
because the symptoms and signs of PPCM can mimic the 
normal findings of late pregnancy and the peripartum period 
[1]. Albeit a few patients harbor mild disease and have 
complete recuperation, others chronic 
cardiomyopathy with paramount morbidity and mortality [1, 
2]. Physicians are frequently presented with diagnostic and 
therapeutic dilemmas in the face of limited evidence-based 
therapy alternatives [1]. For PPCM, this review provides the 
most up-to-date information on risk factors, etiology, 
pathophysiology, and prognostic variables; it also highlights 
management of PPCM as well as the future research 
directions. 


experience 


2. OVERVIEW 


PPCM is defined as an idiopathic cardiomyopathy that 
presents with HF secondary to left ventricular (LV) systolic 


dysfunction toward the end of pregnancy or in the months 
after delivery, in the absence of any other cause of HF [1, 2]. 
PPCM is an exclusionary diagnosis, with the majority of 
patients being diagnosed postpartum. However, other 
potential causes of HF (e.g., pregnancy-associated 
myocardial infarction or pulmonary embolism) and pre- 
existing heart diseases (e.g., congenital heart disease or 
chemotherapy induced toxic cardiomyopathy) should be 
ruled out [3]. Although it resembles the features of DCM, it 
is considered as an independent entity [4, 5]. Although the 
LV may not be dilated, the ejection fraction is nearly always 
reduced below 45% [1, 2]. 

PPCM commonly observed in multiparous black older 
(more than 30 years) women, women with pregnancy 
associated hypertensive disorders such as_ gestational 
hypertension, pre-eclampsia, or HELLP syndrome 
(hemolysis, elevated liver enzymes and low platelets) [6]. 
Smoking and malnutrition are additional risk factors. The 
overlap between PPCM and pre-eclampsia is clinically 
paramount, as patients with pre-eclampsia can present with 
noncardiogenic pulmonary edema and the coexistence of 
these two conditions highlights potential shared pathogenic 
mechanisms [6]. 
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3. PATHOPHYSIOLOGY 


The etiology of PPCM is largely unclear and is likely to be 
multifactorial [2]. Potential mechanisms include nutritional 
deficiencies [7, 8], viral myocarditis [9, 10], and 
autoimmune processes [11, 12]. Hemodynamic stress of 
pregnancy has been argued as a potential etiology. However, 
the maximal cardiovascular changes take place in the second 
trimester [13] when most women with pre-existing cardiac 
diseases develop symptomatic HF [14]. In contrast, the 
majority of women with PPCM become symptomatic during 
late pregnancy or postpartum [15]. 

Recent research has pitched into “two hit” model of PPCM 
pathogenesis, whereby a vascular insult caused by 
antivascular or hormonal effects leads to cardiomyopathy in 
women with an underlying predisposition. The first model 
is a STAT3 knockout mouse in which oxidative stress 
generates the cleavage of the nursing hormone, prolactin. 
The 16-kDa prolactin fragment has vasculotoxic and pro- 
apoptotic properties that cause vascular and myocardial 
dysfunction [16]. This ultimately leads to systolic HF, which 
is potentially reversible. The diseased myocardium is 
salvaged by specific treatment with bromocriptine that 
blocks the prolactin release from the pituitary gland and, 
therefore, prevents the cleavage of the full-length prolactin 
into the toxic 16-kDa fragment [16]. 

The soluble VEGF receptor sFIt-1 (soluble fms-like tyrosine 
kinase-1) is produced in the placenta and has been linked to 
a Systemic angiogenic imbalance, among other things, in late 
pregnancy [17, 18]. In a mouse model lacking cardiac 
peroxisome _ proliferator-activated receptor gamma 
coactivator l-alpha, vascular dysfunction mediated by 
elevated sFlt-1 negatively impacts heart function (PGC-1) 
[19]. Patients with pre-eclampsia or twin pregnancies are 
more likely to develop PPCM because sFit-1 has a role in all 
conditions. Together with VEGF, bromocriptine and VEGF 
both partly alleviate pregnancy-related cardiomyopathy, but 
only when administered separately [17, 20]. 


4. GENETICS 


More than 15% of women with PPCM had a family history 
of heart disease, according to the German registry. Cardiac 
myosin heavy chain (MYH) is one of the most often 
impacted genes, together with titin (TTN) and SCNS [4, 21]. 
Most of the mutation carriers are asymptomatic prior to the 
pregnancy. When women are exposed to high levels of 
hemodynamic stress during late pregnancy, delivery and the 
early postpartum period, genetic cardiomyopathies can be 
discovered [21]. 


9. CLINICAL PRESENTATION AND 
DIAGNOSIS 


Women with PPCM often have congestion symptoms 
including dyspnea on exertion, orthopnea, paroxysmal 
nocturnal dyspnea, fatigue, chest tightness and edema of the 
lower extremities [15]. Physical examinations often reveal 
tachypnea, tachycardia, elevated jugular venous pressure, 
pulmonary rales, and oedema.. Cardiogenic shock, unstable 
arrhythmias [22, 23] and arterial thromboembolism are less 
prevalent [24, 25]. Most women present postpartum, mainly 
during the first month after delivery; a considerable number 
present in the late antepartum period; and rare cases present 
as early as the second trimester [15, 26]. 

In PPCM, echocardiography continues to be the most 
effective imaging technique. It is diagnosed by 
echocardiographic evidence of left ventricular dysfunction 
with left ventricular ejection fraction (LVEF) <45% (Figure 
1) and often (but not always) left ventricular dilatation; 
presentation in peripartum or in the early postpartum period; 
and absence of an alternative explanation. Aside from right 
ventricular dilatation and dysfunction, an echocardiogram 
may also detect pulmonary hypertension, left atrial or 
biatrial dilatation, functional regurgitation of the mitral and 
tricuspid valves. In addition, it could be also observed in 
rare, an intracardiac thrombus [27]. Normal pregnancies 
would not have much of an effect on BNP and N-terminal 
BNP levels, whereas PPCM generally has a considerable 
increase in BNP and N-terminal BNP levels [28-31]. Even 
if the ECG 1s normal, it does not rule out the possibility of 
PPCM [32]. Pulmonary venous congestion may be seen on 
a chest x-ray. Cardiac magnetic resonance imaging provides 
accurate ejection fraction and chamber measurements when 
the echocardiogram 1s inadequate, but gadolinium is avoided 
during pregnancy as it enters the placenta and may be 
teratogenic. An endomyocardial biopsy is not often 
required, and there are no diagnostic histological results. 
When another cause of HF is suspected it may merit biopsy 
when an alternative diagnosis, such as heart block and 
ventricular tachyarrhythmias suggesting giant cell 
myocarditis or cardiac sarcoidosis, would change the 
management [26]. 


6. DIFFERENTIAL DIAGNOSIS 


PPCM 1s an exclusionary diagnosis. The step to preventing 
overdiagnosis is to pay close attention to suspected pre- 
existing cardiac conditions, such as cardiomyopathies and 
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valvular disease. Diastolic dysfunction and HF may be 
caused by systolic 
dysfunction is required for PPCM to be diagnosed. A 
number of different conditions, as shown in Table 1 can 
cause HF during pregnancy. 


severe pre-eclampsia. However, 


mortality in PPCM and a sudden cardiac death from 
ventricular tachyarrhythmia is believed to be the most 
prevalent cause of mortality in this group [34]. As a result, 
there are many adverse outcomes associated with PPCM, 
including brain damage, cardiac arrest, pulmonary edema, 


Table 1: Differential diagnosis for heart failure during pregnancy 


Conditions Considerations 


Myocarditis 


Pre-existing cardiomyopathy 


Viral prodrome, fulminant presentation characteristic histological 


features. 
History of HF prior to pregnancy; low LVEF before pregnancy. 


Hypertrophic cardiomyopathy LVH, LVOT obstruction, preserved LVEF, genetic testing. 


Familial cardiomyopathy 


Takotsubo cardiomyopathy 


Peripartum cardiomyopathy 


Pre-eclampsia 


Arrhythmogenic right ventricular cardiomyopathy 


Chemotherapy-related cardiomyopathy 


Cardiomyopathy related to other systemic medical illness 


Cardiomyopathy related to other acute conditions 


Valvular heart disease 


Left ventricular noncompaction 


Congenital heart disease 


Hypertensive heart disease 


Ischemic heart disease 


Genetic testing and family history 

Women in their postmenopausal years who have recently 
experienced a significant change in their emotional or physical 
state. An apical ballooning on echocardiography may be seen. 

Early postpartum HF symptoms (most typically the first 
postpartum month, Echocardiography may show LVEF <45% 

and global hypokinesis). 
Usually antepartum with edema, preserved LVEF on 
echocardiography. 

Genetic testing and family history, Epsilon waves in V1-V3 in 
ECG, echocardiographic findings of severe RV dilatation and 
reduced RVEF, localized RV aneurysm. 

History of chemotherapy, particularly doxorubicin. 

In context of antiphospholipid syndrome, hemochromatosis and 
systemic lupus erythematosus. 

Sepsis, critical care unit therapy, and post-respiratory arrest. 
Findings on the ECG; Congenital aortic stenosis; mitral stenosis 
from rheumatic heart disease. 

Genetic condition with abnormal segmental myocardial 
thickening of LV or RV due to hypertrabeculation with two 
layered patterns. Ratio of non-compacted endocardial layer with 
compacted epicardial layer is > 2. 

May be diagnosed for the first time during pregnancy by 
echocardiography. 

LVH: less common in young people unless very longstanding 
history of hypertension. 

Angina; previous CAD; cardiovascular risk factors. 


Tachycardiomyopath Consider if specific underlying rhythm abnormality 


Pulmonary embolism 


Sudden dyspnea, pleuritic chest pain, and tachycardia with an 


intact LVEF can occur at any point during or up to 8 weeks after 





delivery. 


CAD: Coronary artery disease; HF: Heart failure; LV: Left ventricle; LVEF: Left ventricular ejection fraction; LVOT: Left 
ventricular outflow tract; LVH: Left ventricular hypertrophy; RV: Right ventricle; RVEF: Right ventricular ejection fraction. 


7. COMPLICATIONS AND PROGNOSTIC 


FACTORS 


The most frequent severe complication of PPCM is 
thromboembolism, which affects 6.6% to 6.8% of women. 
Cardiovascular thrombosis may affect the left or right side 
of the heart. Cardiac dilatation and hypocontractility, lead- 
ing to blood stasis as well as endothelial damage, may 
contribute to the formation of intracardiac thrombosis [33]. 
Arrhythmias play a major role in PPCM morbidity and 


mechanical circulatory support and death. 

Of the various prognostic factors, LVEF <30% upon 
diagnosis is the most accurate indicator of adverse events or 
long-term good recovery. The presence of LV dilatation, 
right ventricular systolic dysfunction, obesity, African 
American ethnicity, simultaneous pre-eclampsia, and raised 
troponin, NT-proBNP, and sFltl levels are all associated 
with adverse prognosis. In comparison to other types of HF 
with reduced LVEF, PPCM has been shown to have a better 
recovery rate [35, 36], and recovery often occurs within first 
3 to 6 months of treatment [37]. In certain cases, recovery 
might be delayed for as long as two years after the diagnosis 
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[38-41]. 


Mechanical circulatory support with intra-aortic balloon 


Table 2: Safety of medications for peripartum cardiomyopathy during pregnancy and lactation 


Medications 


Compatibility (most 


Loop diuretics experience with furosemide) 


Compatibility (metoprolol 
pauerets tartrate used most commonly) 


ACE-I/ARB Incompatible 
Antagonists of the mcempatible 
aldosterone receptor 


Sacubitril-valsartan Incompatible 
Not recommended (worrying 


Ivabradine results in animal studies) 


lactation 
Compatible; but, severe 
diuresis may reduce breast 
milk production.) 


Adverse effects 
Placental hypoperfusion due to 
maternal hypovolemia and 
hypotension. 

IUGR; hypoglycemia and 
bradycardia in the fetal 
Renal agenesis, 
oligohydramnios, 
malformations, fetal demise. 


Compatible 


Compatible (captopril, 
enalapril can be used) 
Under virilization of the fetus Compatible 
Same as ACE inhibitors/ARBs Unknown 


Unknown Unknown 


Digoxin Compatible Low birth weight Compatible 


Heparin is a blood thinner 
(unfractionated and low 
molecular weight) 
Hydralazine/ 
nitrates 


Warfarin 


Compatible 


Compatible 


Avoid 


NOAC (eg, rivaroxaban, 
apixaban, edoxaban, 
dabigatran) 


Incompatible 


Does not pass through the Compatible 
placenta 


Maternal hypotension Compatible 


Warfarin embryopathy and 
fetopathy 
Possible malformations, 
growth restriction 


Compatible 





IUGR: Intra-uterine growth retardation; ACE-I: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; 


NOAC: Novel oral anticoagulants. 


8. MANAGEMENT 


PPCM therapy is typically extrapolated from other types of 
heart failure with a reduced LVEF or expert opinion (or a 
combination of both), with special attention to avoiding 
adverse fetal effects in women who are still pregnant (Table 
Zi 

The basis of volume management is sodium restriction. 
Symptomatic pulmonary or peripheral edema may benefit 
from the use of a loop diuretic [42]. Over-diuresis during 
pregnancy should be avoided at all costs to avoid the dangers 
of maternal hypotension and uterine hypoperfusion. If 
hemodynamics allow, B-blockers are administered, with a 
preference for B1 selective ones to avoid stimulating uterine 
contraction via $2 innervation [15]. All angiotensin 
inhibitors, angiotensin receptor 
blockers, including sacubitril-valsartan are contraindicated 
in pregnant women [42]. Muineralocorticoid receptor 
antagonists should be avoided during pregnancy in view of 
their anti-androgenic effects, although they may be taken 
during breast feeding [43]. Digoxin may be safely used in 
pregnancy [44]. 


converting enzyme 


pump, percutaneous ventricular assist device therapy, and 
extracorporeal membrane oxygenation have been used 
successfully in PPCM and should be considered early in 
patients with hemodynamic instability despite inotropic 
support [35]. Additionally, termination of pregnancy by 
urgent delivery via caesarean section is mandatory in these 
cases. To aid in fetal lung development, women should be 
administered corticosteroids until they reach the 34th week 
of gestation. Levosimendan is a calcium sensitizing agent 
which leads to improvement in systolic function and 
hemodynamics in the PPCM subset [45]. 

In view of the increased incidence of LV thrombi and 
systemic thromboembolism, anticoagulation 1S 
recommended in the setting of severely decreased LVEF 
during late pregnancy and 6 to 8 weeks postpartum [46]. 
The European Society of Cardiology (ESC) recommends 
anticoagulation if the LVEF is < 35% [47], whereas the 
American Heart Association (AHA) recommends using 
LVEF is < 30% as theshhold [48]. Warfarin crosses the 
placenta and is teratogenic (Table 2). Due to a paucity of 
human evidence, the direct-acting oral 
anticoagulants should be avoided during pregnancy and 
breastfeeding. The anticoagulants of choice for pregnant 
women with PPCM include low molecular weight heparin 


newest 
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and unfractionated heparin since they do not cross the 
placenta. It is safe to use warfarin and low molecular weight 
heparin during lactation [48]. 

Women with PPCM complicated by arrhythmias may 
require acute or chronic administration (or both) of 
antiarrhythmic drugs. Cardioversion and defibrillation are 
considered safe throughout the pregnancy and should be 
performed without delay in emergencies [49]. The ESC and 
AHA recommend consideration of these devices in women 
with PPCM and LVEF <35% as a bridge to LV recovery or 
to implantable cardioverter-defibrillator (ICD) implantation 
after 3 to 6 months [2, 42, 47]. Early implantation an ICD is 
generally discouraged as most women recover [2]. 


8.1. BROMOCRIPTINE 


Bromocriptine provides PPCM _ patients with three 
advantages. Firstly, ablactation 1s required to avoid the high 
metabolic demands of lactation and _ breastfeeding. 
Secondly, ablactation is advised to ensure that the usual oral 
HF medicine is properly and safely administered. Thirdly, 
bromocriptine is used to suppress the secretion of prolactin 
as a therapy for a particular condition [19]. 

In an observational German registry, 72% of women who 
“improved” after PPCM had received bromocriptine, 
compared with 35% of women who did not improve [19]. A 
recent randomized controlled trial (RCT) of 63 German 
women with PPCM that compared one week and eight week 
regimens of bromocriptine found similar improvements in 
LVEF [50]. No women died or required left ventricular 
assist device or transplantation. However, it is not clear if 
bromocriptine's prolactin-inhibiting effects extend to all 
women with PPCM and should thus become standard 
therapy. The 2018 ESC guidelines include a Class IIb, Level 
of Evidence: B recommendation for the use of 
bromocriptine [2]. Due to the association with thrombotic 
complications, therapeutic anticoagulation 1s recommended 
in conjunction with bromocriptine. This therapy may be best 
justified in women with PPCM who have 
cardiomyopathy (LVEF <25%) or cardiogenic shock (or 
both) [2]. 


severe 


8.2. LABOR AND DELIVERY 


It 1s reasonable to make an effort to stabilize the mother in 
order to minimize prematurity-related issues for the fetus. 
Hemodynamic instability despite medical therapy should 
prompt early delivery (or termination if prior to fetal 
viability). The possibility of vaginal delivery is considered 
for stable patients unless obstetric reasons for cesarean 
section exist. An increased risk of bleeding, infection, and 


thromboembolic consequences is related with caesarean 
delivery. When making pre-delivery arrangements, it is 
important to consult the patient and an _ experienced 
multidisciplinary team. Unstable patients may benefit from 
invasive hemodynamic optimization prior to delivery and 
monitoring during delivery and the early postpartum period. 
[35]. 

Venous return increases following delivery, removal of 
caval compression by the fetus, autotransfusion due to 
uterine contractions, and fluid mobilization and resorption. 
The post-partum risk of fluid overload and pulmonary 
edema must be anticipated [35]. 


9. PRE-DISCHARGE ADVICE 
9.1. BREASTFEEDING 


Breastfeeding is safe in PPCM, suggesting that increasing 
prolactin production continually is also not necessarily 
harmful. Most HF medications are safe to use during 
breastfeeding (Table 2). When left ventricular failure (e.g., 
an LVEF of less than 25 percent) or cardiogenic shock is 
present, it is reasonable to consider the use of bromocriptine 
unless further data are available [48]. 


9.2. SUDDEN CARDIAC DEATH PREVENTION 


There is paucity of published data guiding the timing of [CD 
implantation. Within the first six months after postpartum, 
most patients recover to LVEF >35 percent and do not meet 
the criteria for ICD implant. There should be no rush to 
make an order [51]. Women with PPCM confront an 
increased risk of cardiac arrest in the months following their 
diagnosis, so extra precautions should be taken to keep them 
safe. In a small prospective study of women with newly 
diagnosed PPCM, 3 of the 7 patients with severely reduce 
LV function compliant with a wearable 
cardioverter/defibrillator were found to have ventricular 


were 


fibrillation that was appropriately shocked [52]. Wearable 
cardioverter/defibrillators, on the other hand, did not deliver 
a single shock throughout the four months of follow-up in 
patients with PPCM [53]. Despite conflicting data, women 
with new onset PPCM and severe LV failure may benefit 
from wearable cardioverter/defibrillators as a bridge to 
recovery or until an implantable [CD is required. Cardiac 
resynchronization treatment (CRT) may be beneficial for 
certain patients [54]. 
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9.3. COUNSELING AND MANAGEMENT OF 
SUBSEQUENT PREGNANCY 


The risks associated with a subsequent pregnancy depend 
primarily upon whether the myocardial function has fully 
recovered and the pre-pregnancy LVEF is the strongest 
predictor of outcomes (Table 3). The patients should be 
advised on the reported high risk of recurrent HF, durable 
deterioration of cardiac function, and mortality in case of 
persistent myocardial dysfunction (LVEF <50%). There is 
an increased risk of stillbirth, abortion, and pre-term 
delivery among women with persistent LV dysfunction. If 
the LVEF is not more than or equal to 50% to 55%, the ESC 


advises against further pregnancies [2]. Pregnant women 
who recover LVEF of at least >50% have a decreased risk 
of problems, but there is still an increased chance of 
recurrence of HF in the future pregnancy [55]. Pre- 
conception counseling should include discussion of the 
potential risk of recurrent myocardial dysfunction, which 
may persist after the pregnancy [55]. 

In women with recovered LV function who are on 
medications for HF, ACE inhibitors/angiotensin receptor 
blockers, and aldosterone receptor antagonists should be 
discontinued prior to conception (Table 3). 

The stability of LV function must be ensured after at least 3 
months off these medications prior to considering the LV 


Table 3: Subsequent pregnancy management 


Subsequent pregnancy 


Preconception 


Maternal risks 


Medications 


Follow-up 


Labor and Delivery 


Recovered myocardium 
(LVEF 250%) 


Risk counseling and follow-up 
planning. 

Clinical and LVEF evaluation after 
three-month break from ACE/ARBs. 
Baseline echocardiography and 
BNP/NT-proBNP level. 


Relapse (~20%). 

Rarely severe deterioration 
Almost no mortality. 
Excellent rate of subsequent 
recovery. 


Beta-blocker therapy (metoprolol 
tartrate preferred). 

Diuretics and hydralazine/isosorbide 
dinitrate in event of clinical or LV 
functional deterioration. 


BNP/NT-proBNP levels and 
echocardiography should be done at 
the end of each trimester, 1 month 
before delivery, after delivery before 
discharge, | month postpartum, and 
at any time if symptoms develop. 


A multi-disciplinary team 
involvement. 


Preference for vaginal delivery 
Caesarean section in the event of 
infant or maternal instability. 
Monitoring volume overload in the 
first 48 hours after delivery in cases 
of recurrent LV dysfunction. 


Non recovered myocardium 
(LVEF <50%) 
Risk analysis and discussion of other 
family-building options. 
If pregnant and not considering 
termination: 

o Close follow-up planning. 

o Stopping ACE or ARBs. 

o Switching to 
hydralazine/isosorbide 
dinitrate. 

Baseline echocardiography and BNP/NT- 
proBNP. 

Relapse (high risk). 

Severe deterioration in LV function 
(50%). 

Increased morbidity and mortality. 
Premature delivery and abortion more 
common. 

Beta-blockers (metoprolol tartrate 
preferred). 

Hydralazine/isosorbide dinitrate to 
improve hemodynamics and symptoms. 
Digoxin. 

Anticoagulation (LVEF <35%). 
BNP/NT-proBNP level and 
echocardiography at the end of the Ist 
and 2nd trimesters, | month prior to 
delivery, after delivery prior to hospital 
discharge, | month postpartum, and at 
any time if symptoms develop. 

A multi-disciplinary team involvement 
Preference for vaginal delivery 
Caesarean section in the case of infant or 
maternal instability 

Early delivery in the event of 
hemodynamic deterioration. 
Hemodynamic monitoring during, prior 
to, and after delivery 

Monitoring volume overload in the first 
48 hours after delivery 





ACE: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; LV: Left ventricle; LVEF: Left ventricular 


ejection fraction; BNP: brain natriuretic peptide. 
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recovered. There is paucity of data to support prophylactic 
use of beta-blockers during subsequent pregnancies. 


10. CONCLUSIONS 


PPCM is an uncommon yet potentially life-threatening 
condition with a significant maternal morbidity and 
mortality. Transthoracic echocardiography and natriuretic 
peptide levels may provide a quick and accurate diagnosis. 
Vasculo-hormonal impacts and genetic predisposition are 
likely to have some role in the disease's pathogenesis, but 
the key steps involved need to be clarified. The role of 
bromocriptine remains unclear, and further RCTs are 
warranted for determining the potential benefits. Important 
gaps in knowledge need to be answered, such as the optimal 
anticoagulation strategy, timing of ICD implantation, risk 
prediction and management during a subsequent pregnancy 
and the long-term duration of medications after myocardial 
recovery. Ongoing efforts at the bench, bedside, and 
population level that leverage international collaborations 
are critical to enabling the identification of novel treatments 
and improving patient outcomes. 


11. CONFLICT OF INTERESTS 


The authors declare no conflict of interest. 


12. REFERENCES 


I. Sliwa K, Hilfiker-Kleiner D, Petrie MC, Mebazaa A, Pieske B, Buchmann E, 
et al. Current state of knowledge on aetiology, diagnosis, management, and 
therapy of peripartum cardiomyopathy: a position statement from the Heart 
Failure Association of the European Society of Cardiology Working Group on 
peripartum cardiomyopathy. Eur J Heart Fail. 2010;12(8):767-78. doi: 
10.1093/eurjhf/hfq 120. 


2. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomstrom-Lundgqvist 
C, Cifkovd R, De Bonis M, et al. 2018 ESC Guidelines for the management of 
cardiovascular diseases during pregnancy. Eur Heart J. 2018;39(34):3165 - 
241. doi: 10.1093/eurheartj/ehy340. 


3. Hilfiker-Kleiner D, Haghikia A, Nonhoff J, Bauersachs J. Peripartum 
cardiomyopathy: current management and future perspectives. Eur Heart J. 
2015;36(18):1090-7. doi: 10.1093/eurheartj/ehv009. 


4. Ware JS, Seidman JG, Arany Z. Shared Genetic Predisposition in 
Peripartum and Dilated Cardiomyopathies. N Engl J Med. 
2016;374(26):2601-2. doi: 10.1056/NEJMc 1602671. 


5. Pearson GD, Veille JC, Rahimtoola S, Hsia J, Oakley CM, Hosenpud JD, et 
al. Peripartum cardiomyopathy: National Heart, Lung, and Blood Institute and 
Office of Rare Diseases (National Institutes of Health) workshop 


recommendations and review. JAMA. 2000;283(9):1183-8. doi: 
10.1001/jama.283.9.1183. 


6. Bello N, Rendon ISH, Arany Z. The relationship between pre-eclampsia and 
peripartum cardiomyopathy: a systematic review and meta-analysis. J Am Coll 
Cardiol. 2013 ;62(18):1715-23. doi: 10.1016/).jacc.2013.08.717. 


7. Fett JD, Ansari AA, Sundstrom JB, Combs GF. Peripartum cardiomyopathy: 


a selenium disconnection and an autoimmune connection. Int J Cardiol. 
2002;86(2-3):311-6. doi: 10.1016/s0167-5273(02)00359-S. 


8. Karaye KM, Yahaya IA, Lindmark K, Henein MY. Serum selenium and 
ceruloplasmin in nigerians with peripartum cardiomyopathy. Int J Mol Sci. 
2015; 16(4):7644-54. doi: 10.3390/ijms 16047644. 


9. Fett JD. Viral infection as a possible trigger for the development of 
peripartum cardiomyopathy. Int J Gynaecol Obstet. 2007;97(2): 149-50. doi: 
10.1016/).ijg0.2007.01.012. 


10. Biiltmann BD, Klingel K, Ndbauer M, Wallwiener D, Kandolf R. High 
prevalence of viral genomes and inflammation in peripartum cardiomyopathy. 
Am J Obstet Gynecol. 2005; 193(2):363-5. doi: 10.1016/.ajog.2005.01.022. 


I1, Ansari AA, Fett JD, Carraway RE, Mayne AE, Onlamoon N, Sundstrom 
JB. Autoimmune mechanisms as the basis for human peripartum 
cardiomyopathy. Clin Rev Allergy Immunol. 2002;23(3):301-24. doi: 
10.1385/CRIAT:23:3:301. 


12. Lamparter S, Pankuweit S, Maisch B. Clinical and immunologic 
characteristics in peripartum cardiomyopathy. Int J Cardiol. 2007;118(1):14- 
20. doi: 10.1016/).ijcard.2006.04.090. 


13. Liu LX, Arany Z. Maternal cardiac metabolism in pregnancy. Cardiovasc 
Res. 2014;101(4):545-53. doi: 10.1093/cvr/cvu009. 


14. Ruys TP, Roos-Hesselink JW, Hall R, Subirana-Doménech MT, Grando- 
Ting J, Estensen M, et al. Heart failure in pregnant women with cardiac 
disease: data from the ROPAC. Heart. 2014; 100(3):231-8. dot: 
10.1136/heartjnl-2013-304888. 


15. Elkayam U. Clinical characteristics of peripartum cardiomyopathy in the 
United States: diagnosis, prognosis, and management. J Am Coll Cardiol. 
2011;58(7):659-70. doi: 10.1016/).jacc.2011.03.047. 


16. Hilfiker-Kleiner D, Kaminski K, Podewski E, Bonda T, Schaefer A, Sliwa 
K, et al. A cathepsin D-cleaved 16 kDa form of prolactin mediates postpartum 
cardiomyopathy. Cell. 2007 Feb 9;128(3):589-600. doi: 

10.1016/).cell.2006. 12.036. 


17. Mebazaa A, Seronde MF, Gayat E, Tibazarwa K, Anumba DOC, Akrout N, 
et al. Imbalanced Angiogenesis in Peripartum Cardiomyopathy — - Diagnostic 
Value of Placenta Growth Factor. Circ J. 2017;81(11):1654-61. doi: 
10.1253/circj.CJ-16-1193. 


18. Patten IS, Rana S, Shahul S, Rowe GC, Jang C, Liu L, et al. Cardiac 
angiogenic imbalance leads to peripartum cardiomyopathy. Nature. 
2012;485(7398):333-8. doi: 10.1038/nature 11040. 


19. Haghikia A, Podewski E, Libhaber E, Labidi S, Fischer D, Roentgen P, et 
al. Phenotyping and outcome on contemporary management in a German 


cohort of patients with peripartum cardiomyopathy. Basic Res Cardiol. 
2013; 108(4):366. doi: 10.1007/s00395-013-0366-9. 


20. Arany Z. Understanding Peripartum Cardiomyopathy. Annu Rev Med. 
2018;69:165-176. doi: 10.1146/annurev-med-0413 16-090545. 


21. Lee YZJ, Judge DP. The Role of Genetics in Peripartum Cardiomyopathy. 
J Cardiovasc Transl Res. 2017; 10(5-6):437-45. doi: 10.1007/s12265-017- 
9764-y. 


22. Puri A, Sethi R, Singh B, Dwivedi S, Narain V, Saran R, et al. Peripartum 
cardiomyopathy presenting with ventricular tachycardia: a rare presentation. 
Indian Pacing Electrophysiol J. 2009; 9(3): 186-9. 


23. Gemici G, Tezcan H, Fak AS, Oktay A. Peripartum cardiomyopathy 


presenting with repetitive monomorphic ventricular tachycardia. Pacing Clin 
Electrophysiol. 2004 ;27(4):557-8. doi: 10.1111/j.1540-8159.2004.00483.x. 


24. Manikkan A, Sanati M. Peripartum cardiomyopathy presenting as splenic 
infarct. J Hosp Med. 2008;3(3):274-6. doi: 10.1002/jhm.281. 


25. Carlson KM, Browning JE, Eggleston MK, Gherman RB. Peripartum 
cardiomyopathy presenting as lower extremity arterial thromboembolism. A 
case report. J Reprod Med. 2000;45(4):351-3. 


26. Ijaz SH, Jamal S, Minhas AMK, Sheikh AB, Nazir S, Khan MS, et al. 
Trends in Characteristics and Outcomes of Peripartum Cardiomyopathy 


112 IBEROAMERICAN JOURNAL OF MEDICINE 02 (2022) 104-112 


Hospitalizations in the United States Between 2004 and 2018. Am J Cardiol. 
2022; 168:142-50. doi: 10.1016/).amjcard.2021.12.034. 


27. Bozkurt B, Colvin M, Cook J, Cooper LT, Deswal A, Fonarow GC, et al. 
Current Diagnostic and Treatment Strategies for Specific Dilated 
Cardiomyopathies: A Scientific Statement From the American Heart 
Association. Circulation. 2016; 134(23):e579-e646. doi: 
10.1161/CIR.OOO0000000000455. 


28. Resnik JL, Hong C, Resnik R, Kazanegra R, Beede J, Bhalla V, et al. 
Evaluation of B-type natriuretic peptide (BNP) levels in normal and 
preeclamptic women. Am J Obstet Gynecol. 2005; 193(2):450-4. doi: 
10.1016/).ajog.2004. 12.006. 


29. Hameed AB, Chan K, Ghamsary M, Elkayam U. Longitudinal changes in 
the B-type natriuretic peptide levels in normal pregnancy and postpartum. Clin 
Cardiol. 2009;32(8):E60-2. doi: 10.1002/clc.20391. 


30. Rafik Hamad R, Larsson A, Pernow J, Bremme K, Eriksson MJ. 
Assessment of left ventricular structure and function in preeclampsia by 
echocardiography and cardiovascular biomarkers. J Hypertens. 

2009; 27(11):2257-64. doi: 10.1097/HJH.Ob013e3283300541. 


31. Tanous D, Siu SC, Mason J, Greutmann M, Wald RM, Parker JD, et al. B- 
type natriuretic peptide in pregnant women with heart disease. J Am Coll 
Cardiol. 2010;56(15):1247-53. doi: 10.1016/).jacc.2010.02.076. 


32. Honigberg MC, Elkayam U, Rajagopalan N, Modi K, Briller JE, Drazner 
MH, et al. Electrocardiographic findings in peripartum cardiomyopathy. Clin 
Cardiol. 2019;42(5):524-9. doi: 10.1002/clc.23171. 


33. Honigberg MC, Givertz MM. Peripartum cardiomyopathy. BMJ. 
2019; 364:k5287. doi: 10.1136/bmj.k5287. 


34. Honigberg MC, Givertz MM. Arrhythmias in peripartum cardiomyopathy. 
Card Electrophysiol Clin. 2015;7(2):309-17. doi: 10.1016/j.ccep.2015.03.010. 


35. Davis MB, Arany Z, McNamara DM, Goland S, Elkayam U. Peripartum 
Cardiomyopathy: JACC State-of-the-Art Review. J Am Coll Cardiol. 
2020; 75(2):207-21. doi: 10.1016/j.jacc.2019.11.014. 


36. Cooper LT, Mather PJ, Alexis JD, Pauly DF, Torre-Amione G, Wittstein 
IS, et al. Myocardial recovery in peripartum cardiomyopathy: prospective 
comparison with recent onset cardiomyopathy in men and nonperipartum 
women. J Card Fail. 2012 ;18(1):28-33. doi: 10.1016/).cardfail.2011.09.009. 


37. McNamara DM, Elkayam U, Alharethi R, Damp J, Hsich E, Ewald G, et al. 


Clinical Outcomes for Peripartum Cardiomyopathy in North America: Results 
of the IPAC Study (Investigations of Pregnancy-Associated Cardiomyopathy). 
J Am Coll Cardiol. 2015 ;66(8):905-14. doi: 10.1016/).jacc.2015.06.1309. 


38. Pillarisetti J, Kondur A, Alani A, Reddy M, Reddy M, Vacek J, et al. 
Peripartum cardiomyopathy: predictors of recovery and current state of 
implantable cardioverter-defibrillator use. J Am Coll Cardiol. 2014;63(25 Pt 
A):2831-9. doi: 10.1016/.jacc.2014.04.014. 


39. Mahowald MK, Basu N, Subramaniam L, Scott R, Davis MB. Long-term 
outcomes in peripartum cardiomyopathy. Open Cardiovasc Med J. 
2019; 13:13-23. doi: 10.2174/1874192401913010013. 


40. Biteker M, Ilhan E, Biteker G, Duman D, Bozkurt B. Delayed recovery in 
peripartum cardiomyopathy: an indication for long-term follow-up and 
sustained therapy. Eur J Heart Fail. 2012; 14(8):895-901. doi: 
10.1093/eurjh{/hfs070. 


41. Fett JD, Sannon H, Thélisma E, Sprunger T, Suresh V. Recovery from 
severe heart failure following peripartum cardiomyopathy. Int J Gynaecol 
Obstet. 2009; 104(2):125-7. doi: 10.1016/,.ijg0.2008.09.017. 


42. Elkayam U, Goland S, Pieper PG, Silversides CK. High-Risk Cardiac 
Disease in Pregnancy: Part II. J Am Coll Cardiol. 2016;68(5):502-16. doi: 
10.1016/).jacc.2016.05.050. 


43. Laliberte B, Reed BN, Ather A, Devabhakthuni S, Watson K, Lardieri AB, 
et al. Safe and Effective Use of Pharmacologic and Device Therapy for 


Peripartum Cardiomyopathy. Pharmacotherapy. 2016;36(9):955-70. doi: 
10.1002/phar.1795. 


44, Enriquez AD, Economy KE, Tedrow UB. Contemporary management of 
arrhythmias during pregnancy. Circ Arrhythm Electrophysiol. 2014;7(5):961 - 
7. doi: 10.1161/CIRCEP.114.001517. 


45. Labbene I, Arrigo M, Tavares M, Hajjej Z, Branddo JL, Tolppanen H, et 
al. Decongestive effects of levosimendan in cardiogenic shock induced by 
postpartum cardiomyopathy. Anaesth Crit Care Pain Med. 2017;36(1):39-42. 
doi: 10.1016/.accpm.2016.02.009. 


46. Arany Z, Elkayam U. Peripartum Cardiomyopathy. Circulation. 
2016; 133(14):1397-409. doi: 10.1161/CIRCULATIONAHA. 115.020491. 


47. Bauersachs J, Arrigo M, Hilfiker-Kleiner D, Veltmann C, Coats AJ, 
Crespo-Leiro MG, et al. Current management of patients with severe acute 
peripartum cardiomyopathy: practical guidance from the Heart Failure 
Association of the European Society of Cardiology Study Group on peripartum 
cardiomyopathy. Eur J Heart Fail. 2016; 18(9):1096-105. doi: 
10.1002/ejhf. 586. 


48. Bhattacharyya A, Basra SS, Sen P, Kar B. Peripartum cardiomyopathy: a 
review. Tex Heart Inst J. 2012;39(1):8-16. 


49. Jeejeebhoy FM, Zelop CM, Lipman S, Carvalho B, Joglar J, Mhyre JM, et 
al. Cardiac Arrest in Pregnancy: A Scientific Statement From the American 
Heart Association. Circulation. 2015;132(18):1747-73. doi: 
10.1161/CIR.O0000000000003 00. 


50. Hilfiker-Kleiner D, Haghikia A, Berliner D, Vogel-Claussen J, Schwab J, 
Franke A, et al. Bromocriptine for the treatment of peripartum 
cardiomyopathy: a multicentre randomized study. Eur Heart J. 
2017;38(35):2671-9. doi: 10.1093/eurheartj/ehx355. 


S51. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, et 
al. 2013 ACCF/AHA guideline for the management of heart failure: a report of 
the American College of Cardiology Foundation/American Heart Association 
Task Force on Practice Guidelines. J Am Coll Cardiol. 2013;62(16):e147-239. 
doi: 10.1016/.jacc.2013.05.019. 


52. Duncker D, Haghikia A, Konig T, Hohmann S, Gutleben KJ, Westenfeld R, 
et al. Risk for ventricular fibrillation in peripartum cardiomyopathy with 
severely reduced left ventricular function-value of the wearable 
cardioverter/defibrillator. Eur J Heart Fail. 2014; 16(12):1331-6. doi: 
10.1002/ejhf. 188. 


53. Saltzberg MT, Szymkiewicz S, Bianco NR. Characteristics and outcomes of 
peripartum versus nonperipartum cardiomyopathy in women using a wearable 
cardiac defibrillator. J Card Fail. 2012;18(1):21-7. doi: 
10.1016/).cardfail.2011.09.004. 


54. Mouquet F, Mostefa Kara M, Lamblin N, Coulon C, Langlois S, Marquie 
C, et al. Unexpected and rapid recovery of left ventricular function in patients 


with peripartum cardiomyopathy: impact of cardiac resynchronization 
therapy. Eur J Heart Fail. 2012;14(5):526-9. doi: 10.1093/eurjhf/hfs031. 


55. Elkayam U. Risk of subsequent pregnancy in women with a history of 
peripartum cardiomyopathy. J Am Coll Cardiol. 2014;64(15):1629-36. doi: 
10.1016/).jacc.2014.07.961. 


